Since the enactment of the Americans with Disabilities Act in 1991 operating expenses for Demand Responsive Transit have more than doubled as demand for this mandated service has expanded. Many advanced technologies and management practices have been proposed and implemented to improve the efficiency of the service; but, evidence for the effectiveness of these actions has been based upon projections or small pilot studies. We present the results of a nationwide study involving 67 large transit agencies. We evaluate the impact of implemented technologies and practices upon productivity and operating cost.
Introduction
Demand Responsive Transit (DRT) systems are the means by which 'comparable transportation services' are provided to mobility impaired individuals. The Americans with Disabilities Act (ADA) mandates that all transit agencies receiving federal funds must provide such services.
Since the enactment of the ADA in 1991, DRT has expanded from a national total of 42.4 million passenger trips for the year to a total of 81.8 million passenger trips in 2003. Over the same period, the annual operating expense for DRT has gone from less than 3% to more than 7% of the total for public transportation services nationally, becoming a $1. Table 5 , probably due to the passage of 3 additional years.) Implementations of other Advanced Public Transportation Systems (APTS) technologies are less widespread.
In addition to technological implementations, a variety of management practices such as type of service, use of financial penalties/incentives for performance, and use of ridesharing have been implemented as methods to influence productivity and operating costs.
There have been studies that investigate the impact of APTS on service productivity and cost. Computers and advanced algorithms were offered to improve the dispatching and scheduling of paratransit systems (Stone, Nalevanko, and Gilbert 1994) . A study sponsored by the U. S.
Department of Transportation quantified expected benefits of APTS based on future forecasts (Goeddel 1996) . A survey of paratransit customers in southeastern Michigan concluded that APTS has ample potential to increase customer satisfaction when reserving a trip (Wallace 1997) .
A study in Santa Clara County, California, reported the productivity gains realized by of use of APTS technology (Chira-Chavala and Venter 1997). The implementation of Automatic Vehicle Location (AVL) and advanced scheduling was credited as the primary factor in increasing efficiency by 10.3% for Houston's METROLift Service (Higgins, Laughlin, and Turnbell 2000) .
The potential and actual impact of management practices on DRT productivity and operating costs have also been reported. There are numerous paratransit delivery methods such as single contracts, multiple contracts, or direct service (Simon 1998) . A Federal Transit Administration Study found that 7.6% of total expenditures by transit operators was spent on purchased transportation (Gilbert and Cook 1999) . A case study in Portland, Oregon, showed that the service cost for demand responsive transit decreased by a half when switching from direct service to contract service, primarily due to labor cost differences (Rufolo, Strathman, and Peng 1997) . However, each of these studies is limited by the fact that the evidence for the effectiveness of the technologies and practices considered is based either upon projections of future performance or observations of actual performance for a small number of agencies.
Under a previous study (Dessouky, Palmer, and Abdelmaguid 2003; Palmer, Dessouky, and Abdelmaguid 2004), we conducted a nationwide benchmarking study involving an analysis of data from 62 transit agencies serving large and medium sized urban areas. Our intent was to evaluate the impact of several advanced technologies and management practices upon the productivity and operating cost of DRT systems. The advanced technologies that we considered included advanced communications, automated vehicle location, automated fare payment, automated transit information, and paratransit CAD systems. The management practices that we considered included financial incentives, financial penalties, ridesharing, agency administration, contracted administration, agency service delivery, contracted service delivery, and consumer choice.
We evaluated the impact of the implemented technologies/practices on productivity and operating cost measures derived from information available in the 1997-1999 National Transit Database (NTD). Our analysis indicated that use of a Paratransit CAD system provides a productivity ben- The results of our previous study regarding the use of Paratransit CAD systems, and Financial Penalty and Incentive clauses, raised questions about the details of their use. In the case of Paratransit CAD systems, there are many operational functions that agencies might support or replace with this technology. In the case of Financial Penalty and Incentive clauses, the conditions that trigger activation of the clauses are unknown. In this paper, we present the results of a new survey on advanced technology and management practice implementations. We received responses from 67 transit agencies that serve large and medium sized urban areas located throughout the United States. The responses provide a more detailed description of how CAD systems and financial clauses are used than has previously been available.
Among the agencies that participated in the previous study, 24 reported at least one new technology/practice implementation during the three-year period, 16 of those in 1999. As these implementations mature, their impact upon performance will become more evident. At the inception of the current study, data from the 2000-2002 NTD had become available. We combine the implementation information from our new survey with performance data from 1997-2002 to present an updated analysis of the relationships between technologies/practices and performance.
While each of the relationships identified in our previous study is statistically significant, they collectively explain only a small fraction of the observed variation in the performance measures.
The list of technologies/practices that we considered in our previous work was selected through a review of the existing literature and our own knowledge of transit systems. In order to expand the list of factors under consideration, our new survey solicited the experience and expertise of transit agency personnel to identify factors not previously considered that may be explanatory of DRT system performance. Our updated performance analysis includes these newly identified factors; and consequently, we have been able to explain a substantially greater fraction of the observed variation than previously was the case.
The remainder of the paper is organized in the following way. In Section 2, we describe the survey itself and summarize the responses received. In Section 3, we present the analysis relationships between operations variables derived from the survey and the performance data from the NTD. In Section 4, we summarize our conclusions from the analysis.
The Implementation Survey
Data regarding the performance of DRT systems is available online from the NTD. The 2002 NTD lists 423 transit agencies that report providing a DRT service to their constituents. Of these agencies, 192 serve urban areas with a population of 200,000 or more. As in our previous study ( 
Design of the Survey
The implementation survey had three objectives: (1) to obtain information regarding the state of implementation of advanced technologies and management practices, (2) to gather information about how CAD technology and financial clauses in service contracts are used, and (3) to gather information about other factors that might influence productivity and operating cost. We decided that closed format questions (multiple choice and fill-in the blank) would be most useful to keep the survey form short and facilitate the process of encoding responses for analysis. A copy of the survey can be found in Appendix A. Of the 192 set of agencies surveyed, we received a response from 67 agencies.
Because self-selecting respondents can produce biased survey results, we decided to segment the surveyed agencies according to industry demographic variables and focus our e-mail follow-up activities on obtaining responses from agencies belonging to under-represented segments. The demographic variables that we selected are the Population Density of the urban area serviced by an agency and the Passenger Trips per Capita. The Population Density is determined as the ratio of the population to the square miles for the agency's service area. Passenger Trips per Capita is the ratio of unlinked passenger trips for the DRT service to the population of the service area.
We use data from the 2002 NTD to estimate these quantities. Figure 1 shows the results of a cluster analysis for the surveyed agencies' demographic variables.
We performed a similar analysis for our previous study (Dessouky, Palmer, and Abdelmaguid 2003; Palmer, Dessouky, and Abdelmaguid 2004) . In that case, the clusters were formed using the average linkage method of agglomerative hierarchical clustering (Massart and Kaufman 1983, SAS Institute 1988) . For this analysis, we wanted to retain clusters with similar average characteristics to those identified before. Consequently, the list of surveyed agencies was divided into those who had been surveyed before and those who were newly listed. If an agency appeared on the list before, and its demographic characteristics remained similar to before, its cluster assignment was retained. The agencies with retained assignments were then used to calculate the average Population Density and Trips per Capita (the centroid coordinates) for each cluster. Newly listed agencies, and agencies with substantially changed characteristics, were assigned to the cluster whose centroid was closest. A Euclidian distance based upon values of the demographic variables that had been scaled by their respective standard deviation was used for the evaluation.
As in the previous study, there is a group of some 18 agencies that are considered outliers for the cluster analysis: 11 agencies have ridership greater than 0.99 Passenger Trips per Capita and 7 agencies serve areas with Population Density greater than 8000 persons per square mile. These 18 outliers are not represented in Figure 1 , but are used throughout the rest of the current study.
On the other hand, it was discovered that there is a group of 6 agencies among those surveyed that do not show reported values for the performance measures to be evaluated below, nor can they be tied via a contractual relationship to an agency that does report performance data. These 6 agencies were removed from further consideration. Table 1 shows the number of surveyed agencies in each of the demographic segments. Our goal for the survey was to achieve a 30% response rate, both overall and for each segment.
Summary of Survey Responses
In the first portion of the survey, we asked agencies to provide information about a series of operational characteristics. Most of these questions regarded policies and procedures that are Table 2 summarizes the responses to the yes/no and multiple choice questions in this portion of the survey. It is noteworthy that among the 49 agencies that indicate they send a letter to customers who produce no-shows, 18 agencies also indicate that there is a possibility of suspension of service for customers that produce frequent no-shows. Among the 10 agencies that indicate customers are impacted in some way other than a phone call or letter, 7 agencies employ a suspension policy and 3 agencies assess fees.
Six of the questions in the operational characteristics portion of the survey requested numerical information. Histograms of the responses to these questions are shown in Figure 2 . Agencies that indicate they use zones within their service area to restrict pick-up locations for providers were asked to also indicate how many zones are used, Figure 2 There is one question in the operational characteristics portion of the survey that asked the agency to describe how reservations for return travel are dealt with when the outbound reservation produces a no-show. Among the 54 agencies that responded to the question, 20 indicate that they cancel the return trip, 25 indicate that they keep the return trip on the schedule, 7 indicate that they contact the customer, and 2 indicate that they take some other action.
In the second portion of the survey, we asked agencies to provide information about their management practices. The initial set of questions asked about whether or not the agency uses any of six specific practices. If an agency does use one or more of the practices, we also asked them to indicate the year that each practice was first implemented. This information is summarized in Table 3 . In the table, we concentrate on implementation years corresponding to the performance data that we have from the NTD. This information will be useful below, when we identify relationships between implementation and performance.
Besides the initial set of questions, we also asked a series of questions designed to delve more deeply into the use of financial penalty and incentive clauses in contracts with service providers.
Two of these questions asked agencies to indicate the performance measures that are linked to penalties and incentives. Four specific measures (on-time pick-ups, productivity, customer com- In the third and last portion of the survey, we asked agencies to provide information about their use of advanced technologies. The initial set of questions asked whether or not the agency uses any of five specific technologies. Here again, if the agency indicates usage of a technology, we also asked them to indicate the year of implementation. This information is summarized in Table 5 .
We also asked a series of questions regarding details of the use of CAD systems. The agencies' responses are summarized in Table 6 . With regard to the period of time over which a route is planned, beyond the given options of full-day or half-day, agencies plan for full shifts or build routes in real-time. With regard to the number of requests given to a driver, agencies not using full-day or half-day will give a 1-2 hours or less. The amount of requests communicated is sometimes limited by the display capability of a mobile data terminal.
Last of all, we asked "How long in advance are routes planned?". Figure 4 shows a histogram of the responses. Among the 45 agencies that responded, more than half plan 1 day in advance.
Relationships between Operations and Performance
The survey responses from each agency provide a description of the operations of their DRT service. The National Transit Database (NTD) provides data that can be used to describe the performance of each agency's DRT service. We use regression models to identify relationships between the operations and the performance. The first step of the analysis is selection of the performance measures. For our measures of productivity, we prefer to focus on the utilized portion of output, measured by passenger miles and passenger trips. Since we are examining operating cost as a separate perfomance characteristic, we choose to use number of vehicles as a non-monetary measure of input. For our measures of operating cost, it is appropriate to use cost per unit output so that services of varying scale may be compared. It should also be noted that, in our analysis, operating expenses have been inflation adjusted to constant 1999 dollars.
Ideally, each measure should represent an independent performance characteristic. To investigate this issue for the measures described above, a principal components analysis (Johnson and 
We interpret P assMil/V eh as being related to the portion of miles traveled by the vehicle that is productive. We refer to this characteristic as mileage productivity. We interpret T rip/V eh as being related to the number of passengers travelling simultaneously in the vehicle. We refer to this characteristic as people loading productivity. While the interpretation of these measures is inspired by the concepts of mileage productivity and people loading productivity, we must admit that neither measure can be said to represent solely one or the other characteristic. For example, P assMil/V eh can be increased by shortening trip segments when the vehicle carries no passengers, thereby allowing the vehicle to service more requests over the same number of total miles. But, P assMil/V eh can also be increased by carrying more than one passenger at a time, thereby multiple counting the miles when the vehicle is carrying passengers. Similarly, one could argue that both effects can influence the T rip/V eh measure.
Having selected the performance measures, the next step is to define the operatons variables that are derived from the survey responses.
Operations Variables
A total of 28 operations variables have been defined to represent the responses given in the survey. Table 5 .
Most
A second concern about the operations variables was that they should be nearly independent of each other. If a large portion of the responding agencies display two characteristics concurrently, then it is not possible to separate the impacts of the two on performance via the regression techniques that we use. A correlation analysis (Draper and Smith 1981) of the operations variables was performed to identify any characteristics that tend to be concurrently displayed.
The correlation analysis revealed that Financial Incentives are concurrent with the On-time,
Complaints, and Other indicators. These indicators represent performance measures that are linked to financial penalties. All agencies that implement financial incentives also implement financial penalties. As a result, it is not possible for us to determine the impact of using financial incentives in the absence of financial penalties. The On-time indicator is also correlated with the Productivity and Complaints indicators. See Table 4 for a detailed description of the concurrent usage of these measures.
There is a relationship between the use of Automated Vehicle Location technology and the practice of Manually Grouping service requests into routes. Agencies that have AVL technology do not use manual grouping. As a result, it is not possible for us to determine the impact of using manual grouping in the presence of AVL technology.
A final issue connected to operations variables is the timing of management practice and technology implementations. If a practice/technology was implemented during the time frame of our performance evaluation, the performance measures reported during the transition could not be considered to be representative of typical pre-or post-implementation performance. Consequently, if a practice/technology was implemented within the 1997-2002 time frame, the performance measures for the year of implementation were removed from the analysis. Tables 3 and 5 show the amount of data loss for this cause.
Analysis Results
We began by analyzing relationships to the P assMil/V eh productivity measure. Linear regression techniques were used to evaluate the statistical significance of the relationships between P assMil/V eh and the operations variables. The first step was to scale the measure using its Tables 10 and 11 show the results of the regression analysis. The tables show all model terms found significant at the 4% level. Since the purpose of these models is to identify statistically significant relationships between P assMil/V eh and the operations variables, the intercept estimates are omitted from the tables.
The most consistent relationship to P assMil/V eh is with the use of Paratransit CAD technology to automatically group trip requests into routes. This relationship is observed in all years except 2001. The sense of the relationship is positive. Agencies that Auto. Grouped have a greater P assMil/V eh value than agencies that do not. For the 1997 data, responding agencies that Auto.
Grouped had a mean P assMil/V eh value of 37200 miles/vehicle, while the responding agencies that had not Auto. Grouped technology had a mean value of 27700 miles/vehicle. For 1998, the mean values are 37500 miles/vehicle for Auto. Grouped versus 27600 miles/vehicle for not Auto. The results for 1998 and 1999 that indicate a beneficial impact from the use of financial penalty clauses in contracts with service providers are in conflict with the results of our previous study.
The previous study showed no significant impact of financial penalties in 1998, and showed the combination of financial penalties and incentives to be detrimental to productivity in 1999. We can offer no interpretation for this seemingly beneficial impact of financial penalties. We do note that there are only 19 agencies in common between the responders to our previous survey and this current survey. There may be an as yet uninvestigated variable that accounts for the superior productivity of the agencies in the current survey group who use financial penalties. We also note that when the 1999 data for the two survey groups are combined, the financial penalties variable becomes insignificant. This observation further supports the hypothesis of stratification between the two survey groups according to an unidentified variable.
For the 1997 data, there are two relationships that have not yet been discussed. There is a positive relationship between P assMil/V eh and %Cancelled. Agencies with relatively high cancellation rates have a greater P assMil/V eh value than agencies with relatively low cancellation rates. The difference between an agency with 6% cancellations and an agency with 15%
cancellations is 6500 miles/vehicle. We believe that this impact may be related to the no-shows relationship described above. There is also a negative relationship between P assMil/V eh and Zones. Agencies that use zones have a mean P assMil/V eh value of 30600 miles/vehicle, while agencies that do not use zones have a mean of 36300 miles/vehicle. The use of zones is unproductive because it creates situations in which vehicles travel into an area where they are not allowed to make a pick-up and must deadhead back into their assigned zone.
For the 2001 data, there are also two additional relationships to discuss. There is a negative relationship between P assMil/V eh and Manual Revised. Agencies that revise routes manually on the day of use have a mean P assMil/V eh value of 35300 miles/vehicle, while agencies that do not revise manually have a mean of 57400 miles/vehicle. Manual revisions to vehicle routes during the day of use are likely to be unproductive because it is difficult for humans to correctly evaluate system-wide impacts quickly without computational aids. There is a negative relationship with Service Mileage. Agencies that pay contracted service providers on a mileage basis have a mean P assMil/V eh value of 36900 miles/vehicle, while agencies that do not pay contractors on a mileage basis have a mean of 37900 miles/vehicle. We interpret this impact as being the result of contractors who are paid on a mileage basis tending to drive more unloaded miles than necessary in order to increase charges to agencies.
The R-sq(adj) values for the 1998 and 1999 analyses in our previous study were 7% and 15%
respectively. (No significant terms for the previous study's 1997 data corresponds to 0% R-sq(adj).)
The R-sq(adj) metric indicates the percentage of the observed variance in the performance measure that is attributable to the significant variables. The analysis results for the current study show that we have been able to identify variables that account for a greater portion of the observed performance variance than previously was the case.
The next analysis was for relationships to the T rip/V eh productivity measure. The scaling for 3 . The Box-Cox power transformation exponent was selected to be λ = 0.5 for all years of NTD data. Tables 12 and 13 show all of the terms that were found to be significant at the 4% level. The R-sq(adj) values for the 1997-1999 analyses in our previous study were 8%, 11%, and 13% respectively. As above, the analysis results for the current study show that we have been able to identify variables that account for a greater portion of the observed performance variance than previously was the case.
Results of analyses for relationships to the AOC measure are shown in Tables 14 and 15 to accept requests for travel outside the boundaries of the local fixed-route bus service area, we assume that agencies choose to do so in order to achieve cost recovery.
The R-sq(adj) values for the 1998 and 1999 analyses in our previous study were 7% and 4%
respectively. No significant terms were found for the previous study's 1997 data. The analysis results for the current study indicate that while there has been some improvement in accounting for the observed performance variance, we have not been able to identify as many important variables related to operating costs as we have found for productivity.
The analyses above compare the average performance of several agencies that have a given characteristic against the average performance of several other agencies that do not have the characteristic. It is possible that the differences in performance from agency-to-agency obscure or enhance the observed impacts. A before vs. after analysis for individual agencies would eliminate such agency-to-agency differences.
A before vs. after (paired comparison) analysis was performed for agencies that implemented any of the management practices shown in Table 3 or advanced technologies shown in Table 5 during 1998-2001. Each of the four performance measures (OpExp/T rip, OpExp/P assMil, P assMil/V eh, and T rip/V eh) was investigated separately. As above, performance in the reported year of implementation was ignored because it could not be attributed to either the before or after condition. The difference in performance between the year following implementation and the year preceeding implementation was calculated as the impact of the technology/practice. The average of the differences was then evaluated for statistical significance. None of the averages demonstrated significance at the 5% level. This is most likely due to the large amount of variablility in year-to-year results for individual agencies caused by a variety of as yet uninvestigated factors.
Conclusions
We have conducted a survey of transit agencies providing DRT service in medium sized and large urban centers throughout the United States. The survey has provided information regarding the implementation of advanced technologies and management practices for 67 agencies that responded. We have evaluated the impact of 28 operations variables on productivity and operating cost measures derived from information available in the 1997-2002 NTD.
Our analysis indicates that use of a Paratransit CAD system to group service requests into vehicle routes provides a productivity benefit of approximately 12000 passenger miles per vehicle, and 1100 trips per vehicle, annually. However, there is no corresponding cost impact. These results suggest that policy makers should continue to implement Paratransit CAD systems, but should also monitor cost impacts that offset the expected benefits from productivity improvement. The practice of manually revising routes during the time of service produces a detrimental impact on productivity of approximately 1800 trips per vehicle annually. Policy makers should insist on some form of computational assistance for dispatchers, so that system-wide impacts of route revisions can be evaluated correctly in real time.
No-shows are identified as having a beneficial impact on productivity of approximately 10500 passenger miles per vehicle annually. This is a misleading result that is produced by a deficiency in the P assMil/V eh performance measure. Agencies should not attempt to increase their noshow rates. There is a need to identify more reliable measures of productivity that can be readily estimated.
The use of financial penalties was found to have benefical impacts on productivity and operating cost. This result is in conflict with the results of our previous study. We note that there are few agencies in common between the responders to the two surveys and attribute this apparent flip-flop in results to an as yet unidentified distinction between the two survey groups.
The portion of productivity performance variability explained by surveyed variables has increased substantially from the 10% level of the previous study. However, we stand at only about 40% of the productivity variability explained. The search to identify important variables related to operating cost has been less successful. Only about 10% of operating cost variability is explained, compared to about 5% previously. There is a need for further research to identify characteristics that determine performance.
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Demand Responsive Transit Service Survey
NTD ID Number: Agency Name:
Operational Characteristics
Is your service area divided into zones that limit where a particular provider may pick-up a customer? 
